Autophagy-related protein 7 (Atg7) is essential in the formation of the autophagophore and is indispensable for autophagy induction. Autophagy will exist in lower level or even be blocked in cells without Atg7. Even though the possible signaling pathways of Atg7 have been proposed, the metabolomic responses under acute starvation in cells with and without Atg7 have not been elucidated. This study therefore was designed and aimed to reveal the metabolomics of Atg7-dependent autophagy through metabolomic analysis of Atg7 −/− mouse embryonic fibroblast cells (MEFs) and wild-type MEFs along with the starvation time. 30 significantly altered metabolites were identified in response to nutrient stress, which were mainly associated with amino acid, energy, carbohydrate, and lipid metabolism. For the wild-type MEFs, the induction of autophagy protected cell survival with some up-regulated lipids during the first two hours' starvation, while the subsequent apoptosis resulted in the decrease of cell viability after four hours' starvation. For the Atg7 −/− MEFs, apoptosis perhaps led to the deactivation of tricarboxylic acid (TCA) cycle due to the lack of autophagy, which resulted in the immediate drop of cellular viability under starvation. These results contributed to the metabolomic study and provided new insights into the mechanism associated with Atg7-dependent autophagy.
Scientific RepoRts | 6:34075 | DOI: 10.1038/srep34075 cells 13 or mice 14 . Previous studies have revealed that Atg7 is essential for normal lifespan and tolerance to starvation and oxidation in cell lines 15, 16 , C. elegans and Drosophila models 17 . Atg7-dependent autophagy is required for acrosome biogenesis during spermatogenesis in mice 18 . Besides, some researchers reported that suppression of basal autophagy in neural cells can cause neurodegenerative disease in mice 19, 20 . Metabolomics, an emerging '-omics' approach of system biology, is the downstream product of genomics, transcriptomics and proteomics that can often provide unexpected and unique insights into various biological processes 21 . Since changes in the metabolome represent the final response of an organism to both internal and external stimuli, metabolomics is particularly conducive to identifying pathophysiologically affected processes and moreover elucidating novel physiological and pathological mechanisms 22 . One recent publication focused on the metabolic regulation of autophagy 23 , while the effects of autophagy on metabolism have rarely been studied. In the present study, an ultra-performance liquid chromatography-Q-Exactive mass spectrometry (UPLC-MS) method was employed to conduct metabolomic analysis of Atg7-deficient (Atg7
−/−
) mouse embryonic fibroblast cells (MEFs) vs wild-type MEFs along with the starvation time. Through identifying the metabolic differences of these two cell lines in response to acute starvation, the metabolomic network and related pathways associated with Atg7-dependent autophagy were proposed, which provided fundamental data for the molecular mechanism and gave new insights into the understanding of autophagy.
Results

Morphology characteristics and cell viability. When cultured in the normal medium, Atg7
−/− MEFs grew faster than wild-type MEFs. However, after exposed to EBSS for 2 hours, Atg7 −/− MEFs showed an obvious phenomenon of cell death while wild-type MEFs did not (Fig. 1a) . And after starvation for 4 hours, about 40% cells died in Atg7
−/− MEFs as well as in wild-type MEFs. The results of cellular viability test were consistent with the changes of morphology characteristics (Fig. 1b) . The cellular viability of wild-type MEFs did not change a lot until starvation for 4 hours, while cellular viability of Atg7 −/− MEFs decreased very fast at the first 2 hours then kept stable in the next two hours' starvation. These results revealed the different responses to acute starvation in the two cell lines especially in the first period of starvation.
Global metabonomic analysis and altered metabolites identification. A UPLC-MS analytical
method was developed to obtain and identify potential metabolites perturbed by the acute starvation stimuli in the wild-type MEFs and Atg7 −/− MEFs. PCA score was employed to get the overview of differences between different groups based on the metabolomic profiling data. For wild-type MEFs, PCA demonstrated clear differences between cells under different starvation time (Fig. 2a) . While for Atg7 −/− MEFs, cells starved for 2 hours and 4 hours cannot be distinguished very clearly (Fig. 2b) . This indicated that the knockout of Atg7 gene indeed affected the metabolomic responses to acute starvation.
In total, 156 ions of wild-type MEFs and 180 ions of Atg7 −/− MEFs were found to meet the selection criteria (P-value < 0.05, max fold change > 2). After excluding ions with intensity < 10 5 , we finally selected 57 ions (wild-type MEFs) and 76 ions (Atg7 −/− MEFs) respectively which were significantly altered during the starvation time. 18 metabolites in wild-type MEFs and 19 metabolites in Atg7 −/− MEFs were finally identified, among which 7 metabolites were overlapped ( Table 1 ). The change tendencies of these metabolites were shown in the form of heat map (Fig. 3) , based on the averaged peak area of each metabolite. They were mainly amino acids, lipids and their precursors or related derivatives. In wild-type MEFs, glycerylphosphorylethanolamine, sphingosine (d18:1), DG (42:9) and LysoPE(18:1) had an increasing tendency during starvation. While in Atg7 −/− MEFs, only N6,N6,N6-Trimethyl-L-Lysine and 5′ -CMP were increasing while other metabolites were all significantly decreasing. Besides, the overlapped 7 metabolites were detected significantly down-regulated along with the starvation time (Fig. 3) , which implied that some physiological processes these metabolites involved in were induced in both of the two cell lines. However, there are still many other differentiated metabolites that were unknown so far, we will attempt to identify them in our future studies (Supplementary Tables S1 and S2 ). Metabolic pathway analysis. For the identified metabolites of wild-type MEFs and Atg7
−/− MEFs, metabolic pathway analysis was conducted using MetaboAnalyst 3.0. In wild-type MEFs, 19 metabolic pathways were disturbed which suggested the perturbation of amino acid metabolism, energy metabolism, lipid metabolism, nucleotide metabolism and others ( Supplementary Fig. S1 , Supplementary Table S3 ). In Atg7 −/− MEFs, 22 metabolic pathways were perturbed mainly belonging to energy metabolism, amino acid metabolism, carbohydrate metabolism ( Supplementary Fig. S2 , Supplementary Table S3 ). After summarizing the specific pathways of the two cell lines, some disturbed metabolic pathways are the same, while others are different (Supplementary Table  S3 ). Glycine, serine and threonine metabolism, arginine and proline metabolism, lysine degradation and biosynthesis, histidine metabolism, nitrogen metabolism and riboflavin metabolism were all disturbed in both of the two cell lines. Some different altered pathways mainly referred to the amino acid metabolism, energy metabolism, lipid metabolism, carbohydrate metabolism and metabolism of cofactors and vitamins.
Discussion
Mammalian autophagy can be induced by a variety of nutrient stresses and other cellular insults through signaling pathways, for example the glucose deprivation, amino acid withdrawal, mitochondria damage and so on. Induced autophagy can provide nutrients for mitochondrial oxidation, suppress p53 pathway activation, and ultimately delay apoptosis 24 . Atg7, which encodes the Uba1-like enzyme, is essential in the formation of the autophagophore and is indispensable for autophagy induction. Autophagy will exhibit lower levels or even be blocked in the cells without Atg7 gene [16] [17] [18] . During the formation of autophagosome, LC3-I will be modified into the PE-conjugated form, LC3-II, which can be regarded as the marker of autophagy. Atg8-PE/LC3-II is the only protein marker that is reliably associated with completed autophagosomes 25 . In our study, the level of Atg7 in wild-type and Atg7 −/− MEFs was confirmed by western blot (Fig. 4a) , which proved the successful knockout of Atg7. Besides, based on the quantitative western blot results of LC3-I and LC3-II, the degree of the autophagy in wild-type MEFs was significantly elevated during the first two hours of acute starvation then slightly decreased (Fig. 4b) . However, in the Atg7 −/− MEFs, the autophagy was inhibited (Fig. 4b) . Based on the overall identified altered metabolites in wild-type MEFs and Atg7 −/− MEFs during the starvation time, metabolic pathway analysis suggested the same and different perturbed pathways in the two cell lines, which implied that after the knockout of Atg7, the metabolic responses of MEFs to acute starvation changed. Combining the pathways and altered metabolites, a correlated pathway network was constructed as shown in Fig. 5 .
MetPA analysis indicated that amino acid metabolic pathways were affected the most due to the acute starvation (Supplementary Table S3 , Fig. 5 ). In wild-type MEFs, the altered metabolic pathways were mainly D-glutamine and D-glutamate metabolism, glycine, serine and threonine metabolism, histidine metabolism and alanine, aspartate and glutamate metabolism. However, in Atg7 −/− MEFs, mainly arginine and proline metabolism, histidine metabolism and lysine degradation were disturbed. Besides, Alanine, aspartate and glutamate metabolism, cysteine and methionine metabolism, and phenylalanine metabolism were only dysregulated in wild-type MEFs. Valine, leucine and isoleucine biosynthesis and degradation were only disturbed in Atg7
MEFs as well as tyrosine metabolism. Especially, aminoacyl-tRNA biosynthesis was also perturbed in both of the cell lines reflecting the disturbance of amino acid metabolism from the genetic translation process.
It has been reported that depletion of amino acids can trigger autophagy through various mechanisms, for example activating transcription factor 4 26 , inhibition of proline hydroxylases 27 and so on. But they mainly laid emphasis on the metabolic triggers and the proteomic pathways through which they were involved in the autophagy such as the AMPK 28, 29 or mTORC1 [30] [31] [32] . Our research revealed the effects of acute starvation-induced autophagy on amino acid metabolism from the opposite angle and revealed the close connection between them.
TCA cycle is a quite important process to generate energy in the form of adenosine triphosphate (ATP) through the oxidation of acetate into carbon dioxide and reducing NAD + to NADH 33 . The overview of the TCA cycle is shown in Fig. 5 , with some important intermediates and the detected metabolites in our study. Briefly, acetyl coenzyme A (acetyl-CoA) is an important molecule in TCA cycle which can convey the carbon atoms within the acetyl group to be oxidized 34 . We found that threonine, lysine, pipecolic acid were decreasing in both of the two cell lines (Fig. 3) . Serine significantly decreased under two hours' starvation then slightly increased in wild-type MEFs (Fig. 3) . Valine was down-regulated in Atg7
−/− MEFs as well as acetoacetic acid (Fig. 3) . These implied the disturbance of metabolic pathways related with TCA cycle (Fig. 5) . Pipecolic acid was a metabolite of lysine, thus they have the same variation tendency. Valine was involved in the pathways of pantothenate and CoA biosynthesis, which can convert into pyruvate. Threonine, serine and lysine can be converted into acetyl-CoA through oxidation of pyruvate or other metabolic reactions (Fig. 5 ).
To further confirm our metabolic pathway hypothesis, the qPCR analysis of cells under different starvation time were conducted which revealed that starvation dramatically changed the mRNA level of some important related genes belonging to different altered pathways (Fig. 6 ). We took into account the results of MetPA (Supplementary Table S3 ) and the identified metabolites related with autophagy to choose those genes based on KEGG (Supplementary Table S5 ) to explain or validate the altered metabolites and disturbed pathways.
Among them, Sds and Shmt2 belong to 'Glycine, serine and threonine metabolism' pathway, which was one of the most affected pathways according to the MetPA analysis. Starvation induced the up-regulation of Shmt2, which encodes an enzyme that can catalyze reactions between serine and glycine, in wild-type MEFs under the first two hours' starvation, then down-regulated afterwards. This implied that the convert from serine to glycine increased firstly then decreased gradually. However the mRNA level of Sds, encoding a very important enzyme that converts serine to pyruvate, was dramatically decreasing under starvation in both of the cell lines (Fig. 6 ). These together with the decreasing threonine, valine, lysine and acetoacetic acid indicated the synthesis of pyruvate was inhibited which will definitely affect the normal supplement of acetyl-CoA needed by the TCA cycle.
α -ketoglutarate is also a key intermediate in the TCA cycle, which can be produced by the oxidative deamination of glutamate by glutamate dehydrogenase 35 . In wild-type MEFs, glutamine was detected to be significantly down-regulated along with the starvation time (Fig. 3) . Since glutamine can be converted into glutamate through glutaminase (Gls) 35 , its decreasing reduced the content of glutamate then α -ketoglutarate subsequently (Fig. 5 ). Furthermore, the mRNA level of Gls was dramatically decreasing under starvation in wild-type MEFs while quite −/− MEFs. Cells were treated with EBSS for the indicated times, and protein was extracted and analyzed for Atg7, LC3-I and LC3-II. Error bars indicate the SD (n = 3), **P < 0.01.
stable in Atg7
−/− MEFs (Fig. 6) , which also proved the inhibition of synthesis of glutamate in wild-type MEFs. D-(+ )-pyroglutamic acid, the cyclic derivative of glutamate, was also down-regulated (Fig. 3) , which was just consistent with the trend of glutamine.
In addition, histidine, arginine and threonine were all decreasing in both of the two cell lines (Fig. 3) . Threonine can be converted into α -ketobutyrate in a less common pathway via the enzyme serine dehydratase, except for the conversion to pyruvate via threonine dehydrogenase, and thereby enter the pathway leading to succinyl-CoA. Histidine can also transform into α -ketobutyrate as well as arginine (Fig. 5) . The down-regulation of the three amino acids will also affect the normal level of intermediates in TCA cycle. Moreover, citrulline, creatine, ADMA (Asymmetric dimethylarginine) and valine were significantly decreasing in Atg7 −/− MEFs (Fig. 3) . That is because citrulline can be derived from arginine via nitric oxide synthase and arginine is necessary for the synthesis of creatine 36 . ADMA is also closely related with arginine 37 , thus its decreasing can be explained (Fig. 5) .
Besides, niacinamide was down-regulated in Atg7
−/− MEFs and riboflavin was decreasing in both of the two cell lines during starvation (Fig. 3 ). They were involved in the metabolism of cofactors and vitamins. Niacinamide is an important compound functioning as a component of the coenzyme NAD 38 , and riboflavin is the central component of the cofactors FAD 39 (Fig. 5 ). NAD and FAD are required in the TCA cycle, with the reduction of NAD to NADH and FAD to FADH 2 respectively. The NADH generated in the TCA cycle may later donate its Carbohydrate metabolism pathways were affected only in the Atg7 −/− MEFs, reflected through the significantly decreasing of acetoacetic acid and myoinositol (Fig. 3) . Carbohydrate metabolism is quite close with TCA cycle, since pyruvate can be synthesized from glycolysis, and is also a fundamental biochemical process to ensure a constant energy supply of living cells. Acetoacetic acid was involved in the butanoate metabolism, in which it can be converted into acetyl-CoA via steps of reactions, thus its decreasing was also indicating the deactivation of TCA cycle (Fig. 5 ). And this indicated that the inhibition of TCA cycle in Atg7 −/− MEFs was stronger than that of wild-type MEFs, which can also be indicated by the down-regulated mRNA level of Pdha1 in Atg7
MEFs instead of wild-type MEFs (Fig. 6) , since Pdha1 encodes an enzyme that catalyzes the irreversible oxidative decarboxylation of pyruvate to produce acetyl-CoA in the bridging step between glycolysis and the citric acid cycle. Furthermore, myoinositol was involved in inositol phosphate metabolism and galactose metabolism, which is produced from glucose. It can serve as an important component of the structural lipids phosphatidylinositol (PI) and its various phosphates-the phosphatidylinositol phosphate (PIP) lipids 40, 41 . Articles have reported that myoinositol and its polyphosphates, functioning as the secondary messenger, are involved in many biological processes including insulin signal transduction 42 , cell membrane potential maintain 43 and so on. Thus, the down-regulation of myoinositol implied the abnormity of signal transduction in Atg7 −/− MEFs except for the deactivation of TCA cycle.
Lipid metabolism was greatly affected mainly in the wild-type MEFs. DG(42:9), LysoPE(18:1) and glycerylphosphorylethanolamine were up-regulated along with the starvation time as well as the sphingosine, which forms a primary part of sphingolipids (Fig. 3) . Since autophagy was induced in wild-type MEFs and the autophagosome is a membrane structure, the increase of lipid metabolism can be explained. The mRNA level of Sptlc2 was up-regulated in wild-type MEFs while not in Atg7 −/− MEFs (Fig. 6 ), which also implied that the production of sphingoid bases from amino acids was enhanced. To better interpret the lipid metabolism related to the Atg7-dependent autophagy, a more comprehensive and specific lipidomic analysis is currently underway to find out more kinds of lipid species and pathways associated with this biological process.
Especially, sphingosine (d18:1) was detected to be significantly increasing (Fig. 3) . Sphingolipid metabolites, such as sphingosine and sphingosine-1-phosphate (S1P), are lipid signaling molecules involved in diverse cellular processes, which can be mutual transformed (Supplementary Fig. S3 ). Sphingosine (d18:1) was reported to be a positive regulator of apoptosis 44 while S1P can induce autophagy protecting from cell death with apoptotic hallmarks 45 . But our results revealed that the sphingosine (d18:1) was increasing even though autophagy was induced (Figs 3 and 4) . Further western blot results proved the occuring of apoptosis along with the starvation time (Fig. 7) , and based on the quantitative results of the intensity, apoptosis in Atg7 −/− MEFs was much stronger compared with wild-type MEFs regardless of starvation, which indicated Atg7 −/− MEFs are perhaps more sensitive to apoptosis under normal condition. Besides, the degree of apoptosis did not changed significantly during first two hours' starvation in wild-type MEFs and significantly increased till four hours' starvation. However, apoptosis was significantly induced under two hours' starvation then slightly decreased in Atg7 −/− MEFs (Fig. 7) . These results were consistent with the cellular viability results shown in Fig. 1 . Then the same m/z of sphingosine (d18:1) in the Atg7 −/− MEFs was extracted at different starvation time and get the averaged peak area of each group. The content of sphingosine (d18:1) and the rate of increasing were greater in Atg7 −/− MEFs than in wild-type MEFs under two hours' starvation ( Supplementary Fig. S4 ). This further confirmed our assumption that during the first period of starvation, the influence of apoptosis was much greater in Atg7 −/− MEFs than wild-type MEFs, due to the lack of autophagy, while autophagy was the dominant process in the latter.
These results can also be interpreted from the mRNA level of Sphk1, Sgpp2 and Sgpl1 which belong to 'Sphingolipid metabolism' pathway and will affect the balance of mutual transformation between sphingosine and S1P (Supplementary Table S5 , Supplementary Fig. S3 ). The first two hours' starvation induced the up-regulation of Sphk1 in wild-type MEFs while dramatic down-regulation in Atg7 −/− MEFs. Meanwhile, the Sgpp2 mRNA was up-regulated in both of the two cell lines (Fig. 6) . These implied that the balance between sphingosine and S1P was quite stable in wild-type MEFs, but in Atg7
−/− MEFs, the balance was destroyed with S1P greatly (Fig. 6) . This caused the increase of sphingosine in wild-type MEFs and the stable level in Atg7 −/− MEFs in the next two hours' starvation, since the Sgpp2 mRNA had little change in the two cell lines. In addition, the mRNA level of Sgpl1 was quite stable in Atg7 −/− MEFs but it increased in wild-type MEFs after four hours' starvation (Fig. 6) , which indicated the greater consumption of S1P as well as the increase of apoptosis. These together implied that acute starvation did not break the balance between sphingosine and S1P in wild-type MEFS obviously due to autophagy, which delayed cell death, in the first two hours' starvation. However, in Atg7 −/− MEFs, sphingosine dramatically increased under starvation due to apoptosis instead of autophagy, which caused the immediate cell death. And this perhaps caused the different metabolic responses to acute starvation in the two cell lines subsequently.
The relationship between autophagy and apoptosis is complex. Autophagy can also lead to cell death, possibly through activating apoptosis 46 or possibly as a result of the inability of cells to survive the non-specific degradation of large amounts of cytoplasmic contents 47 . The crosstalk between autophagy and apoptosis is complicated since the two pathways shared some common factors 9 . Some efforts have been made to figure out the intricate interaction between them [48] [49] [50] [51] , but only get tip of the iceberg. Our results revealed the close connection between autophagy and apoptosis from the metabolomics perspective. Thus, cellular viability was decreasing under two hours' starvation in Atg7 −/− MEFs since only apoptosis was greatly induced, while kept stable in wild-type MEFs in the first two hours' starvation due to the dominant process of autophagy. However, with the longer duration of starvation, apoptosis was enhanced with the reduced degree of autophagy, cell viability was decreasing gradually in wild-type MEFs (Figs 1, 4 and 7) . We also added a recovery group (R), in which cells were re-cultured in the full medium after 4 hours' starvation, as the control group to confirm these results. Results were shown in Supplementary Fig. S5 , which were consistent with Figs 4 and 7. And even though re-cultured in the full medium, the cytochrome C release in Atg7
−/− MEFs still in higher level compared to wild-type MEFs just as under 0 hour starvation.
In summary, we used a UPLC-MS method to identify significantly altered metabolites of MEFs with and without Atg7 in response to the acute starvation and to elucidate the affected metabolic pathways for the first time. Nutrient starvation induced autophagy in wild-type MEFs with up-regulated lipid metabolism and it was dominant prior to the apoptosis, which delayed cell death. But under four hours' starvation, the degree of apoptosis increased with the decrease of autophagy affecting the amino acids metabolism, carbohydrate metabolism and energy metabolism, which suggested the deactivation of TCA cycle as well as in Atg7
−/− MEFs, where only apoptosis was occurring. These results proved the necessary of Atg7 in response to acute starvation for survival of MEFs, which opened a new sight on the understanding of the Atg7-depended autophagy, and further studies should focus on the elucidation of the mechanism of Atg7-dependent autophagy in relation to these perturbed metabolic pathways. Cell culture experiments and sample preparation. Wild-type and Atg7
−/− MEF cell lines were cultured in DMEM supplemented with 10% FBS and 1% (v/v) penicillin/streptomycin at 37 °C in an atmosphere of 5% CO 2 . The medium was changed every 24 hours.
The wild-type and Atg7 −/− MEFs were divided into three groups separately. After exposed to EBSS for 0 hour, 2 hours and 4 hours, cells were washed by cold PBS, then cold water and cold methanol (1.5 ml) subsequently. Then they were scraped, homogenized and transferred into 1.5 ml tubes separately. The intracellular metabolism was then rapidly quenched by liquid nitrogen and left at − 20 °C for 30 minutes for further metabolites extraction. Finally, they were vortexed and centrifuged at 14000 rpm for 10 minutes and supernatants were taken for further analysis or stored in − 80 °C. Each group has four dishes of cells as replicates at each starvation time point, resulting in 6 groups and 24 samples in total.
UPLC-Q-Exactive-MS Analysis.
A quality control (QC) sample was prepared by mixing equal volumes (10 μ L) from each sample. This "pooled" sample was used to estimate a "mean" profile representing all the analytes encountered during analysis MS analysis was conducted using a Thermo Q-Exactive mass spectrometry (Thermo scientific, USA) operating in positive (HESI+ ) electrospray ionization mode. The instrument was calibrated using external standard before analysis to ensure the mass accuracy within 3 ppm. The parameters were set as follows: spray voltage was 3.5 KV, capillary temperature was 320 °C, sheath gas flow rate was 30, aux gas flow rate was 10, sweep gas flow rate was 5, the heater temperature was 350 °C, and the S-Lens RF level was 55. Full mass range (m/z 70-1000) with resolution of 70000 was used. MS/MS scan used normalized collision energy of 35 V, an isolation window of 0.8 m/z and a mass resolution of 35000.
The pooled "QC" sample was injected three times at the beginning of the analysis batch to ensure system equilibrium and then every 6 samples to further monitor the analysis stability 53, 54 . All samples were injected randomly in the batch.
Data processing. The data were analyzed using Waters Progenesis QI. Raw data were aligned, normalized, deconvoluted and assembled into a data matrix automatically. Data were aligned with the mass tolerance of 5 ppm and a retention time window tolerance of 0.1 min. The data matrix was analyzed by ANOVA and only metabolites with p-values less than 0.05 were considered to be statistically significant. Fold changes were calculated from the arithmetic mean values of each group and metabolites with max fold change large than 2 are selected subsequently. Then the data were analyzed by SIMCA to get the principal component analysis (PCA) score. And selected metabolites were further analyzed to be identified. Cell viability. Cell viability was measured by using 3-(4,5)-dimethylthiahiazo-(z-y1)-3,5-di-phenytetrazoliumromide (MTT) assay. About 3000 cells were plated in each well of 96-well plates at 37 °C in a humidified 5% CO 2 for about 12 h before being treated with the indicated compounds. After treatment, 90 μ l new culture medium and 10 μ l MTT (5 mg/ml) solution was added to each well, and the cultures incubated for 4 h at 37 °C in humidified 5% CO 2 . The medium was extracted to stop the reaction, then 110 μ l dimethylsulfoxide (DMSO) was added and measured with a Multiskan MK3 spectrophotometer (Thermo Fisher Scientific, USA) at 490 nm and also at 620 nm as the background to be extracted. Each sample was repeated 3 times for standard deviation calculations.
Western blot analysis. Cells were first treated with lysis buffer (50 mM Tris, 150 mM NaCl, 1% Triton X-100, 0.5% Sodium deoxycholate, 0.1% SDS, cOmplete Protease Inhibitor, pH 7.4,). Following heat denaturation for 10 min, 20 microgram of proteins were separated by 15% SDS-PAGE and transferred to a 0.22 um nitrocellulose filter. The filter was blocked with 5% BSA in TBST buffer and incubated with the indicated antibodies, then analyzed with enhanced chemiluminescence.
Real-time quantitative PCR. Cells under different starvation time were lysed and RNA was extracted using TRIzol (Life technologies). cDNA was generated using 1 μ g of total RNA by reverse transcription using a cDNA synthesis kit (TaKaRa, RR047A) following the protocol provided. Real-time quantitative PCR (qPCR) was performed on a real-time quantitative PCR system ABI 7500 System (Applied Biosystems, USA). Primes were designed using Primer blast on the National Center for Biotechnology Information website (Supplementary Table S4 ) and functions of these selected proteins are also summarized (Supplementary Table S5 ). 1 μ l of cDNA was used and primers (Supplementary Table S4 ) were added to the PCR reaction. All other components for the PCR reaction were from SYBR Mixture kit. The reaction was performed in a volume of 10 μ l in triplicate, according to the manufacturer's instructions.
The relative differences in RNA expression in samples with different starvation time were assessed by the comparative Cт (Δ Δ Cт) method. Briefly, Cт values were first normalized to that of ACTB (β -actin) in the same sample (Δ Cт) and then differences of Cт values between each treated and control group (Δ Δ Cт) were used to calculated the changes of fold induction in each sample using the formula 2^− Δ Δ Cт. All qPCR experiments were done in triplicate and the results were averaged.
